Aim: Occlusal errors during acryl processing affect the retention and stability of complete dentures. The aim of the present study was to assess the influence of a short curing technique on the number of occlusal contacts and the occlusal vertical dimension (OVD) of complete dentures.
INTRODUCTION
Acrylic resin processing is usually associated with a number of occlusal errors, such as increased occlusal vertical dimension (OVD), changes in the number of expected occlusal contacts and occlusal plane alterations. [1] [2] [3] [4] [5] The stability of a complete denture is highly dependent on an even distribution of the occlusal load, which can be achieved by obtaining the maximum intercuspation in the centric relation and by elimination of occlusal errors. [6] [7] [8] [9] This intercuspation should be established bilaterally on the posterior artificial teeth. Unilateral and insufficient occlusal contacts, which are defined as an incorrect occlusion, and the consequent trauma affect the retention and resistance; cause soft tissue soreness, accelerate residual ridge resorption; and decrease masticatory efficiency. 1, [10] [11] [12] [13] [14] Clinical and laboratory remount has been successfully used to locate the occlusal errors, which are then selectively eliminated to establish maximum intercuspation. [15] [16] [17] [18] [19] A high number of errors may be time-consuming to correct and may also result in morphologic impairment of the artificial teeth.
oven are used for the processing techniques. Compression molding is the most common laboratory molding method due to the simple equipment needed. 20, 21 Several studies have discussed the effect of molding and processing methods on the OVD of the complete dentures. [2] [3] [4] [5] [6] [7] [8] However, the effect of the applied method on the number and distribution of the occlusal contacts has not been investigated in great detail. 3 Moreover, these studies have mostly been done on low numbers of simulated edentulous jaws or models. In addition, the hot water bath, the most frequently used method, has not been assessed in terms of changes in OVD in vitro. The present study was conducted to assess the effect of compression molding, and the fast water bath processing technique on the number of the occlusal contacts and on the changes in OVD of complete dentures fabricated in the Department of Removable Prosthodontics, School of Dental Sciences, Islamic Azad University of Tehran during 2010. The null hypothesis of the present study stated that the compression molding and fast water bath processing techniques do not change the OVD and/or the number of occlusal contacts.
MATERIALS AND METHODS
This study was performed on 62 conventional complete dentures and included completely edentulous patients; master casts on which the teeth were setup. Anatomic acrylic teeth (Polident dd, 5293 Volcja Draga Slovenia) were used. The complete dentures were tried in to verify the maxillomandibular relations and for esthetic considerations. The complete dentures were wax contoured, and the number of occlusal contacts was then recorded using a 60µ articulating paper (Bausch Articulating Papers, Nashua, NH, USA). The articulating paper was cut according to the width of the premolars' and molars' cusps. The incisal pin was removed from contacts with the incisal table. Then the occlusal contacts were separately recorded for the premolars and molars (Fig. 1) . 22 The OVD was recorded for all specimens according to the calibration of the registration groove of the incisal pin of the articulator (Haunu H 2 Waterpick, Technologies Inc, Fort Collins, Co, USA), which was set at zero for all mounted complete dentures. The casts were then cautiously removed from the mounting stone. Artificial teeth and the wax surface were washed with cold water and soap using soft cotton to wipe off the oil. Packing of the complete dentures was done according to standard protocols 1 as follows. Artificial stone (Parsdandan, Tehran, Iran) was mixed with tap water and poured into the inferior half of the flask on a vibrator. The cast was then placed in the flask, and the stone was leveled between the edge of the cast and the rim of the flask. After separating the medium applied to the exposed stone in the flask, a core of artificial stone, that was 2 to 4 mm in thickness, was developed around the labial and buccal surfaces of both wax dentures on the lingual surface of the lower wax denture and the palatal surface of the upper wax denture. The top half of the flask was placed in position and the two flask halves met exactly. A mix of artificial stone was poured up to the level of the incisal edges of the anterior teeth and to the tips of the cusps of the posterior teeth. The exposed stone was painted with separating medium, the flask was completely filled with artificial stone and the lid of the flask was placed in position. The flask was placed in boiling water for 4 to 6 minutes based on the size of the flask. The flask was removed from the water and opened from the side opposite the greatest undercut of the cast. After the flask was opened, the surplus wax was washed out with a stream of boiling water. When the water had been drained from the flask, the mold was washed again with boiling water containing a detergent and then again with clean boiling water. After the stone was dry, but still hot, the inside of the mold and the cast were painted with a tinfoil substitute (MR Dental LTD, England) using a hair brush. The tinfoil substitute was allowed to dry and a second coat was painted on the inside of the mold. The flask was allowed to cool to room temperature. Acrylic resin dough was made with a mixture of the powder (polymer) and liquid (monomer), (Selectaplus/ Trevalon Dentsply LTD, England) in accordance with the manufacturer's directions. When the mixture reached a dough consistency, it was packed in the mold (compression molding technique) and the flask was closed in a press with a sheet of separating plastic between the two halves until they were almost in approximation. The packing procedure was repeated until the mold was filled and no flash was formed. Next, the flask was closed completely without the separating sheet, and then the flask and clamp were placed in a curing unit, containing cold water. The flasks were heated gradually up to boiling temperature and left for 25 to 30 minutes at this temperature (fast-processing technique). Then the flask was allowed to cool to room temperature. Deflasking was completed and the processed dentures were left on the casts. The casts and dentures were fitted back on to the mountings on the articulator and the processing changes were observed. The number of occlusal contacts was checked with articulating paper (Fig. 2 ) and the amount of pin opening that occurred secondary to processing was measured on the registration groove of the incisal pin of the articulator. The obtained data were analyzed using paired t-test. The coefficient of variation (CV) of the occlusal contacts was also studied.
RESULTS
The present study included 62 underconstruction complete dentures. Males and females composed 66.1 and 33.9% of the edentulous patients, respectively. The patients ranged in age from 31 to 86 years (an average of 55 ± 11.2 years). A total of 58% of the patients were receiving a complete denture for the first time. The distribution of the dentures according to the number of occlusal contacts is shown in Table 1 . The mean number of occlusal contacts was 10.9 ± 2.4 prior to processing and 6.3 ± 3.1 afterward. The coefficient of variations of the complete dentures according to the percent of occlusal contact changes before and after processing occlusal contacts was 22 and 47.6% respectively. After processing, bilateral and unilateral occlusal contacts were detected in 87.6 and 12.4% of the cases respectively. The occlusal contacts showed an average of 4.7 ± 1.9 decreases due to processing, which was statistically significant based on a paired t-test (p < 0.001). The mean number of occlusal contacts in the complete dentures before and after processing is presented in Table 2 , and the distribution of the complete dentures based on the percent of occlusal contact changes before and after processing is shown in Fig. 3 .
The OVD was changed by 1.9 ± 0.4 mm after processing. The correlation between the changes in the number of occlusal contacts (more or less than 6) and the changes in the OVD alterations are shown in Table 3 . The mean number of occlusal contacts in the < 6 occlusal contacts changes group and in the ≥ 6 occlusal contacts changes group was 3.7 ± 1 and 7.2 ± 1.4 respectively. An OVD increase of 2 mm was seen in 47.7 and 88.9% of the < 6 occlusal contact changes group and the ≥ 6 occlusal contacts changes group respectively, which was statistically significant (p < 0.003). A significant change in the number of occlusal contacts may be associated with an OVD increased up to two times (RA = 2).
DISCUSSION
The present study showed that the mean number of occlusal contacts significantly decreases with processing. A significant relationship was found between the decreased number of occlusal contacts and increased OVD after processing. Dentures with a higher loss in the number of occlusal contacts showed increased OVD after processing.
The OVD has been investigated in similar studies. contacts. The number of occlusal contacts, which is an important factor in the stability of prostheses, and the vertical height alterations were investigated herein. Most studies have used models prepared with standard molds;
2,4,6-9 some have merely concerned a single jaw, 4, 6 while others have considered both jaws. 2, [7] [8] [9] 14, 15 The present study has included completely edentulous patients master casts on which teeth were setup. While models with standard molds have a uniform thickness of flanges in all samples and the same OVD, which are advantageous in most studies, master casts of the patients (as used in the present study) inevitably have no uniform thickness in terms of the dimensions of flanges and different OVD which may have an impact on the changes of the OVDs and the number of occlusal contacts. However, these patients are clinical cases that dentists may encounter in everyday practice; therefore, dental practitioners should consider the impact of the fast processing technique on the OVD and the number of occlusal contacts within complete dentures. In other words, this research is more near to the clinical practice than standard molds.
Fig. 2:
The number of occlusal contacts (blue and red marks) of the studied complete dentures has significantly decreased in the same denture of figure 1 after processing used Microlon LW (Hygienic Corp, Akron, OH) with compression molding for one group and injection molding for the other. In the present study, Selectaplus H/Trevalon (Dentsply) was incorporated for all of the complete dentures. Trial closure to remove the excess acryl during compression was only used in the studies of Basso et al 2 (once) and Keenan et al 4 (twice). In the present study, trial closure was repeated for each denture until no excess acryl was observed. Strohaver 9 reported that a water bath was applied but the authors did not mention its type. In the study of Basso et al 2 and Nogueira et al, 7 a long cure water bath was used.
JCDP
Keenan et al 4 used a hot air oven for two groups and a microwave for the other two groups. Swards et al 6 employed
heat polymerization (without mentioning its type) for 9 hours at 73.8°C for two groups, for 0.5 hours at 45°C for the third group and a microwave for the fourth. Nelson et al 8 used a long cure water bath for one group and a microwave for the other. Basso et al 2 compared lingualized and balanced occlusion on the OVD and found no significant differences. Campos et al 3 compared occlusal and OVD changes in complete removable dentures with the application of pack and press and injection molding. These authors reported that injection molding is associated with a smaller loss in the occlusal contacts and no change in the OVD. Keenan et al 4 compared the occlusal and vertical height stability of complete removable dentures prepared by different combinations of injection/compression molding and microwave/hot air oven heating and found no significant differences between the groups after 28 days. Swards et al 6 reported that the OVDs of dentures prepared with compression molding and heat polymerization were significantly changed after processing. All groups showed significant differences in the vertical height after 48 hours, but the changes were smaller than with the remounting process. Time was suggested as an influential factor in the The tooth type has been similar in some studies. [2] [3] [4] [5] [7] [8] [9] [10] [11] [12] [13] [14] 17 Anatomic acrylic teeth (Polident dd, 5293
Volcja Draga Slovenia) were used in the present study. the OVD stability was significantly less in dentures processed using a water bath compared with those processed using a microwave. Strohaver 9 suggested that compression molding is associated with more stability compared with injection molding. The OVD stability is much higher with the application of the long cure water bath than with the fast-processing technique used in the present study.
2,7-9 The fast-processing technique is the most commonly used processing method because it is both simpler and less time-consuming. However, several problems need to be resolved when employing this method, specifically, the occlusal errors that occurred with the application of this technique and the loss of the occlusal morphology. The vertical height is increased less with the injection molding technique than with compression molding. 3, 4, 6, 7, 9 Compression molding is the most common molding method and was used in the present study. The decrease in the number of the occlusal contacts and the increase in the vertical dimension of occlusion may be related to the heating duration and intensity, to compression during molding or to the lack of uniform thickness in the flanges.
CONCLUSION
Considering the limitations of the present study (master casting of different patients without uniform dimensions in the flanges and various inter-ridge distances), the fastprocessing technique in the water bath was concluded to decrease the number of occlusal contacts and to increase the OVD of the complete dentures. The occlusion may be corrected by selective reduction of the artificial teeth surface, which has its own disadvantages, including the deterioration of the occlusal pattern of the artificial teeth. On the contrary, failure to correct the occlusion may jeopardize the retention and resistance of dentures and result in resorption of the residual ridge. Therefore, the fastprocessing technique is not recommended for use with the water bath. Further studies are needed to assess the influence of various factors.
CLINICAL SIGNIFICANCES
Due to the decreasing of occlusal contacts and increasing of the OVD of complete dentures, more time is needed to adjust the occlusal errors and restoring the occlusal vertical dimension. Therefore, the fast-processing technique has a negative effect on the morphologic pattern of artificial teeth of complete dentures and thus should be used carefully.
